Leaching of nutrients from cultivated peat soils : results from field and lysimeter experiments by Myllys, Merja
Merja Myllys 
MTT Agrifood Research Finland  
Leaching of nutrients from  
cultivated peat soils 
 
- results from field and lysimeter experiments   
 Nordic seminar on peatland drainage and environment, Kuopio 4.-6.11.2013 
SUOVILJELYSYHDISTYS ry 
Background of the study 
2 
• experiments at MTT since 1983 
• research scientists:  
• Harri Huhta 
• Antti Jaakkola 
• Eila Turtola  
• Riitta Lemola 
• Anneli Partala  
• Erkki Kemppainen 
• Perttu Virkajärvi 
• Kirsi Järvenranta 
• data will be further analyzed and published 
Environmental impacts of peatland 
farming on waters  
…are due to: 
• mineralization of nutrients resulting 
from the decomposition of the peat  
• low retention of nutrients into the soil  
• excess of nutrients in the soil water 
compared to the need of the crop  
3 
Area of peat soils  
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The area of peat soils of different peat layers 
thickness of peat ha 
 % of  
 total field 
area 
less than 30 cm  9 000 0,4 
30-60 cm  80 000 3,3 
over 60 cm 170 000 6,9 
sum  ≈ 260 000 10,6 
Source: MTT 2011 
Experimental field  
5 
• 16 plots on a Carex        
peat  soil in Tohmajärvi             
in 1983-2007 
• separate drainage system 
for each plot 
• size 1,5 ha 
• runoff measured, nutrients 
in the runoff water analyzed 
• four research projects 
• plant species and 
fertilization  
• different fallows 
• timing of sludge 
spreading  
• biomass leys vs. fodder 
leys 
 
Lysimeter field  
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• 96 lysimeters, out of which 20       
are peat (others: clay, silt, sand)         
in Jokioinen  
• differences between soil types       
can be detected 
• diameter 0,8 m, depth 1,6 m 
• percolated water measured, quality 
of water analyzed 
• research projects: 
• fallows 




Effect of crop species and fertilization  
Field experiment in 1983-1987 
Effect of crop species and fertilization  
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crop species fertilization level nutrients
kg/ha N - P - K kg/ha
barley 0  0 - 0 - 0
barley 300 48 - 21 - 49
grass 300 49 - 21 - 49
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Effect of the crop species and fertilization on  
the leaching of nitrogen  
• crop species makes a big difference 






















Effect of the crop species and fertilization on  
the leaching of phosphorus 
10 Huhta & Jaakkola 1993 
• no big differences between crop species nor fertilization level  























Effect of the crop species and fertilization on  
nitrogen and phosphorus balances 
11 
nutrient balance = given amount - harvested amount   
• the crop took more nitrogen than was applied as a fertilizer;  part 
of the nitrogen came from the mineralisation of the organic material  
• part of the applied phosphorus remained in the soil  
nutrient kg/ha 300 kg/ha 900 kg/ha 0 kg/ha 300 kg/ha
Nitrogen:
applied N 48 144 0 48
harvested N 113 187 30 58
N-balance -65 -43 -30 -10
Phosphorus:
applied P 21 63 0 21
harvested P 18 28 6 10
P-balance 3 35 -6 11
grass barley
Effect of the crop species and fertilization on  
the amount and distribution of the 
runoff 
• increasing fertilization level decreased the runoff in the growing 
period as better yields take more water  
• there was less yearly runoff from the grass than from the barley as 
grasses teke water also in the spring and autumn   
• leaching accurred in spring and autumn in cereal production – it was 
more even in the ley  
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Effect of different fallows  
A field experiment 1987 – 1992 
A lysimeter experiment 1983 – 1986  
  
Effect of different fallows 
Turtola 1992 14 
• treatments  in a four-year field experiment 
• 3-year green fallow – barley 
• 1-year green fallow – barley – 1-year green fallow – barley 
• 3-year open fallow  – barley 












Effect of different fallows 
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• amount of leached nutrients was dependent on the runoff 
• green fallow decreased leaching of nitrogen and phosphorus from the 
first year on   
• leaching of nitrogen in the open fallow (60 kg/ha/a)  was three times 
that of the green fallow (20 kg/ha/v) 
• Only perennial  grassland could prevent the excess leaching produced 
by the decomposition of the preceeding ley (which had been ploughed 








Effect of different fallows 
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• Treatments on a lysimeter experiment; fallow every second year, barley 
every second 
• tilled open fallow (tillage every 2-3 weeks) 
• non-tilled open fallow (weeds controlled chemically) 
• green fallow (ryegrass)   
• green fallow (leguminous plant; Persian clover)  
• Order of nitrogen leaching: ryegrass < Persian clover < non-tilled open 
fallow  < tilled open fallow (where leaching 3-fold to the ryegrass fallow) 
 
 
The amount of leached nutrients from the lysimeters were twice or three times as much 







Biomass ley vs. fodder ley  
A field experiment 1996-2000 
Biomass ley vs. fodder ley  
• treatments: two grass species and two fertilization levels 
 
• 1) perennial, rhizomous reed canary grass (Phalaris arundinaceae L.) ley 
for biomass 
• delayed harvesting in the spring 
• fertilization levels N 0 kg/ha or N 64 kg/ha 
• sown about every 10th year  
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• 2) timothy/meadow fescue (Phleum 
pratense/Festuca pratensis) ley for fodder  
• two cuts each year 
• fertilization levels N 64 kg/ha or N160 
kg/ha  
• sown every fourth year 
 
Biomass ley vs. fodder ley  
Effects on the leaching of nitrogen 
On a 4-year experimental period… 
 
• leaching of total nitrogen was 
• 60 kg/ha from the fodder ley with the higher fertilization level 
• 47-52 kg/ha from the other treatments 
 
• leaching of soluble nitrogen was 
• 33 kg/ha from the fodder ley with the higher fertilization level 
• 24 kg/ha from the fodder ley with the lower fertilization level 
• 28 kg/ha period from the biomass leys 
 
The proportion of the soluble nitrogen was… 
• 83% on the first year 
• 32% on the fourth year                   
•                                          to be continued… 
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Biomass ley vs. fodder ley  
Effects on the leaching of nitrogen  
• 60% of the soluble nitrogen was leached on the first year after  
establishment of the ley. The amount of leached nitrogen was 4-fold 
compared to the later years  
• biomass ley is established only every 10th year => leaching of 
nitrogen from the biomass ley would be only 60% of the one from 
the fodder ley in a 10-year period 
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Perennial biomass leys 
prevent leaching of 
nitrogen  very effectively 
on peat soils.                       
 
Biomass ley vs. fodder ley 
Effects on the runoff  
• fodder ley compared to the biomass ley in the autumn 
• 27% higher runoff 
• 30-40% higher leaching of nitrogen 




• biomass ley compared to the fodder ley in the spring 
• 32% higher runoff 
• 15% higher leaching of nitrogen 
• 15% higher leaching of phosporus                                      
(on the two first years) 
 
 
Partala and Turtola 2000 21 
Biomass ley vs. fodder ley 
Effects on the leaching of phosphorus 
On a 4-year ecperimental period 
• the amount of leached total phosphorus was about 1,8 – 2,0 
kg/ha from all four treatments  
• the amout of leached dissolved phosphorus was 0,6-0,8 kg/ha 
• leaching of dissolved phosphorus from the fertilized biomass ley 
two years after establishment was 10% more than from the more 
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• the amount of leached dissolved 
phosphorus remained about the 
same year after year 
    
    to be continued… 
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• in 10 years, leaching of dissolved phosphorus from the 
biomass ley would be 18% less than from the fodder ley, 
and leaching of total phosphorus 12% less.  
Biomass ley vs. fodder ley 
Effects on the leaching of phosphorus 
24 
Effect of pasture on the 
leaching of nitrogen 
A lysimeter experiment 2003-2005 
Effect of pasture 
• establishment of the ley in 2002 
• treatments in 2003  
• no fertilization 
• mineral fertilization (recommended amounts)  
• mineral fertilization (recommended amounts) + manure application* 
• mineral fertilization (recommended amounts) + urine application* 
• residual effects in 2004  
 
* manure and urine applications covered 3 times the area of practical field conditions 
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Effects of pasture 
In two years : 
• Mineral fertilization increased the leaching of nitrogen by 60 
kg/ha in peat soils (0,6-2,4 kg/ha in mineral soils) 
• Manure increased leaching of nitrogen by 54 kg/ha in peat soils 
(0-10 kg/ha in mineral soils)  
• Urine increased leaching of nitrogen by 155-169 kg/ha in peat 
soils (19-81 kg/ha in mineral soils)  
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Effects of pasture 
 
• Most of the increase of the leached nitrogen in peat soils came  
from the increased mineralisation (210-280 kg/ha; 40-90 kg/ha 
on mineral soils)  
• due to the mineralisation, mineral fertilization increased the 
yield only by 16% in peat soils (300% in mineral soils). 
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Effect of undersowing 
A lysimeter experiment 1993 – 1998 
Effect of undersowing  
Lemola, Turtola ja Eriksson 2000 29 
Concentration of  NO3-N (mg l




Italian ryegrass  
• Undersowing does not really decrease the yield but 
decreases the leaching of nitrogen considerably 
Conclusions  
Means to minimize leaching 
• right crop choice 
• only sparse tillage  
• all-year plant cover   
• only reasonable fertilization and liming 
• less effective drainage 





Perennial grasslands can reduce the leaching of 
nutrients (especially nitrogen) by tens of percents 
compared to growing of cereals  -  and especially 
compared to open fallows  
 
32 
Thank you for 
listening! 
